Summary
The Docosahexaenoic acid, 22:6(n-3) (DHA), is one of n-3 series polyunsaturated fatty acids that are known to have such physiologically important functions as to strengthen the vascular-tract and decrease the level of cholesterol in the blood (1) . Though grown-up persons can synthesize DHA in their body when excess amounts of n-3 linolenic acid are taken from food stuffs, newborn babies are unable to synthesize it. Therefore, DHA is considered an important fatty acid. However, since the amount of DHA synthesized in the body is not sufficient, it may be better to ingest DHA directly from various food stuffs (2) , as recommended by a guideline of the Ministry of Health and Welfare.
A recent survey (3) showed that people who consume fish or shellfish daily have significantly lower incidences of heart disease (4), cerebral hemorrhage (5) , cerebral tumor, and so on (6, 7) . Nutritional surveys in Japan have shown that Japanese do not take enough calcium, and that the composition of fatty acids in the diet is becoming westernized (i.e., low in polyunsaturated fatty acids found in fish) (8, 9) . Since children don't want to eat fish, it is difficult to return to a fish-based diet (2, 8) . Though DHA can be solubilized by emulsifier or cyclodextrin trapping, ap plications for it as a food ingredient have been considerably restricted since DHA is not soluble in water. Recently, microcapsulated DHA powder coated with calcium gluconate (GCA) has become commercially available in Japan. Since GCA has been already applied to breadmaking as a calcium fortifier, it can be expected that this powder, containing mainly GCA, will serve to improve the quality of bread as well. Supplementation of bread with the DHA powder will bring about fortunate selection for people who dislike eating fish.
There are several studies in which unsaturated fatty acids (linoleic acid, microcapsulated linoleic acid, linolenic acid, eicosapentanoic acid, DHA from fish) or marine oils were used as ingredients for breadmaking (10) (11) (12) (13) . However, microcapsulated DHA powder has not yet been tested. For this reason, this study focused on the use of DHA powder as an ingredient in breadmaking . Especially, we studied the effects of DHA powder on the volume of a loaf, rheological proper ties of wheat flour dough, and the staleness of bread.
MATERIALS AND METHODS
Flour and chemicals. The wheat flour used for breadmaking was the same "Hermes" (Okumoto Flour Milling , Osaka, Japan) as described previously (14) . Its protein and ash contents were 11.8% and 0.38%, respectively, on a 13 .8% moisture basis.
Microcapsulated DHA powder and calcium gluconate (GCA) were provided by Fujisawa Pharmaceutical (Tokyo, Japan) and calcium stearoyl-2-lactylate (CSL) and sodium stearoyl-2-lactylate (SSL), both of which were of food grade, were obtained from Musashino Shoji (Osaka, Japan). The DHA powder was composed of 4% DHA in 20% refined fish oil and 73.4% GCA. Other chemicals of analytical grade were used without further purification.
Bread baking. The breadmaking formula was 280g of flour, 5g of sodium chloride, 17g of sucrose, 3g of dry baker's yeast (from Asahi Kasei, Tokyo, Japan), and 210g of water containing DHA powder in the presence or absence of GCA , CSL or SSL.
Test loaves were baked with five automatic breadmakers (15, 16) in the same manner described previously (17) . The total time for the entire process was 2h 45min; comprised of mixing (25min), additional mixing after addition of yeast (5min), fermentation (90min) and baking (45min). The volumes of loaves were measured by the rapeseed displacement method.
J Nutr Sci Vitaminnl.
Data were analyzed using ANOVA, and Duncan's multiple-range test (18) was used to compare treatment means; differences were considered significant at p<0.05. Rheological results Dough was mixed with different additives in the home baker for 30min, and then its viscoelastic properties were measured. The modulus of elasticity and the viscosity coefficient of dough mixed with a single additive (0.2 or 0.3% DHA powder or SSL) or with combined additives of DHA powder and CSL or SSL were significantly (p<0.05) higher than those of the control without any additive (Table  1) . However, the viscoelastic parameters of dough containing DHA powder with CSL or SSL were not different when compared with dough containing a single additive.
Farinographic data are shown in Table 2 . The arrival and development times Amount of additives added: 0.3% (w/w flour basis). Values are means of two trials. Each value shows the average diameter (mm) of gas cells of 4 trials. + Numbers followed by the same letter are not significantly different at p<0 .05.
Gas cell distribution in bread crumbs
The effect of DHA powder as a breadmaking ingredient on the gas cell distribution in bread crumbs is shown in Table  5 
